Using the constraint on the single top production cross-section obtained at the HERA collider, σ(ep → e t X), we evaluate an upper limit on coupling constant of the anomalous top quark interaction with a gluon via flavor-changing neutral current: |κ tgq /Λ| 0.4 TeV −1 , BR(t → gq) < 13%
In different extensions of the Standard Model (SM) the anomalous interactions can lead to significant modification of the top quark production mechanisms and appearance of the top rare decays [1] . Thereby, the precision measurements of the top quark properties and its production mechanisms provide a possibility to obtain an information on new physics beyond the SM. Of special interest it is the study of the top quark anomalous interactions via Flavour-Changing Neutral Currents (FCNC).
In the SM there are no direct FCNC transitions t → u(c). Only "loop" contributions can make them possible. As a result such processes are strongly suppressed within the SM: BR(t → (γ, g, Z) + u(c)) < O(10 −10 ) [2] . However, various extensions of the SM could lead to a huge enhancement of FCNC processes [3, 4, 5] .
Search for the anomalous FCNC interactions of the top quark were performed at the Tevatron [6] , HERA [7, 8, 9] , and LEP-2 [10] colliders. The present constraints on the top quark anomalous couplings in terms of branching ratio (BR) are presented in the Table below . t → qγ < 0.7% HERA [8, 9] t → qZ < 7% LEP 2 [10] Search for the top production at HERA collider in ep-collisions, e p → e t X ,
was done by the H1 [8] and ZEUS [9] collaborations at the center-mass energy of √ s = 318 GeV. Obviously that only single top production is possible at this energy. In this case the SM dominant process is ep → νtbX. However, the production cross-section for this process at HERA energy is very small (σ(ep → tX) < 1 fb [12] ) and far beyond an experimental observation. On the other hand the anomalous FCNC process could contribute to the single top production at HERA energies. Therefore, a study of such reaction at HERA provide a good possibility to put a constraint on FCNC interactions.
The both H1 and ZEUS collaborations searched for the top quark production in reaction (1) . No evidence of the top production was found. The resulted constraint on the single top production cross-section is given below [8, 9] :
The conventional interpretation of this data assumes that the top quark anomalous FCNC interactions could occur with a photon or Z-boson only (see Fig. 1 ). As a result from evaluated [8, 9] . In terms of BR this constraint is as follows:
In the present article we consider an additional FCNC process that contribute to the single top-quark production at HERA energies. Indeed, in ep-collisions the single top could be produced also due to anomalous interaction with a gluon, i.e. tgq vertex, as it is shown on fig. 2 . Thereby using the upper limit on the production cross-section (2) we evaluate a constraint on anomalous FCNC coupling of the top quark with a gluon. Therein lies the basic idea of our analysis.
Phenomenological Lagrangian for FCNC
We do not know which type of new physics will be responsible for a future deviation from the SM predictions. However, the top quark couplings can be parameterized in a model independent way by an effective Lagrangian [1] (see also [13] for the first discussion of the t c g-operator):
where t a are the Gell-Mann matrices satisfying T r(t a t b ) = δ ab /2; κ g and κ γ define the strength of the FCNC with a gluon and a photon respectively (real and positive values); Λ = 1 TeV is a new physics cutoff; e is the electric charge; ϑ W is the Weinberg angle;
q ν is the momentum of corresponding gauge boson.
The top-quark decay widths into one of the light quarks (u or c) with a photon and a gluon have the form:
2 The matrix elements squared
Firstly, we re-calculate the matrix element squared for 2 → 2 process: eu → et (see the digram on Fig. 1 ). This expression is used in our analysis. The explicit form [15] is given below:
momentum squared, m e and m t are the masses of the electron and t-quark. Note, that we keep non-zero electron mass, because this is essential for the further analysis.
The formula for the production cross-section for hard 2 → 2 process (corresponding to matrix element squared (6)) is obtained by the integration on
The single top production in ep-collisions due to anomalous FCNC interaction with a gluon is described by two subprocesses with a gluon or u(c)-quark from the initial proton (see the diagrams on Fig. 2 ):
Note, that the matrix elements squared for these two processes are related to each other by crossing. Therefore, we present an exact expression for |M| 2 for the first subprocess (8):
The exact expressions are given below:
where
here l 1 (l 2 ) are 4-momentum of the initial (final) electron, p 1 and p 2 are 4-momenta of the topandū-quarks, and k is the initial gluon momentum. The calculation of the color coefficients is trivial and they are included to A 0 .
For numerical calculations the evaluated matrix elements squared are incorporated in the event generator TopReX [14] .
Kinematics of the considered processes
The single top production cross-section in ep-collsions is evaluated within the parton model:
where x is the part of the proton momentum carried away by a parton;σ(x, µ 2 ) is the crosssection for the hard subprocess; f (x, µ 2 ) is the parton distribution function, and µ = m t is the factorization scale.
In order to reproduce the kinematic of the processes under the consideration one needs to know the minimal value of the virtual photon momentum transferred (Q 2 min ). We estimate this value from the following condition:
where σ th is the total cross-section for 2 → 2 (eu → et) subprocess calculated with the anomaluos coupling of the top interaction with a photon from (3).
Using this condition (12) we obtain
Note, that the kinematic limit Q 2 min depends on partonic center-of-mass energy (see Fig. 3 ). As it seen Q 2 min exceeds the cut value Q 2 lim at √ s ∼ m t . Such kinematic constraint is used in the calculations of 2 → 3 subprocess production cross-section.
The constraint on FCNC coupling of the top-quark with a gluon
In the present study we compare the experimental constraint (2) with the total top-quark production cross-section in ep-collisions (evaluated with the matrix elements squared (10)).
with a photon, but also due to anomalous interactions with a gluon. This idea gives us an opportunity to obtain the direct constraint on FCNC coupling of the top quark with a gluon from HERA experimental data (2).
In order to find the constraint on gluon coupling κ g we use the following relation:
Here we take into account the possible modification of the branching ratio of the top decay in the SM mode t → bW + . As it was mentioned above the top quark anomalous interactions could lead to the appearance of additional top decay channels. So the probability of the SM top decay would change accordingly:
To obtain an upper limit on the anomalous coupling with a gluon we assume the absence of the top-quark FCNC interaction with a photon, i.e. Table 2 . action with an u-quark only since only one additional decay channel appeared. When the interaction with a charm quark is also taken into account the constraints on couplings do not change greatly but the BR increases almost twice. It is explained by the small contribution of the c-quarks to proton's PDF and appearance of two decay modes of the top-quark. One also can see that the contribution of Z-boson modifies the results slightly and can be neglected.
Finally the derived constraint on the anomalous coupling of the top FCNC interaction with a gluon and the corresponding BR are given below:
5 Conclusions
In conclusion we wish to indicate ones more that HERA results for the single top production (2) provides the way to put the constraints on the anomalous top-quark interactions not only with a photon and Z-boson, but with a gluon too! Moreover our analysis demonstrates that the constraint on the anomalous gluon coupling (17) (derived from HERA data) could be even better than one obtained earlier [1, 11] .
It should be noted that the final state in the process (14) differs from one in reaction (1) analyzed before in the HERA experiments. In our case we have an additional light jet from a gluon or up quarks. We did not consider this in our analysis. Besides, the experimental cuts and detecting features were not taken into account either. Probably this facts would change the obtained results. This problem is the subject of future study. 
